I. INTRODUCTION
A gas is a many-body system of interacting molecules which are themselves structured systems. The interaction between mole.cules is due to.
Coulomb forces and the Pauli principle, both of which are responsible as well for the structure of the molecules themselves. Most previous treatments of the equation of state of a gas, such as the classical Ursell-Mayer expansion, 1 have attacked the problem in two steps: first, use of quantum mechanics or experimental data to obtain the molecular interaction; and second, application of statistical mechanics to the gas, treating the molecules as simple particles with a given interaction.
Recently there have been several derivations 2 -5 of linked-cluster expansions valid for a quantum-mechanical system of interacting particles. . 4
In this paper the techniques developed by Glassgold, Heckrotte, and Watson are generalized to handle the problem of a gas of :i,nteracting molecules, using the Coulomb . . interaction and the Pauli prmciple throughout. Molecular
interactions, including the effects of exchange, are thus obtained from first principles.
UCRL-9441
To simplify the presentation, we shall assume that the gas is composed of N identical molecules, in a box of volume V. (The extension to several species of molecules is described in Section V.) Each molecule contains Z electrons and Z' atomic nuclei. The set of Z' nuclei will be referred to as a 11 molecular ion.
11
Then we .assume that the gas is nondegenerate, in the sense that exchange of nuclei between different molecular ions is negligible. However, we shall consider the possibility of electron exchange.
The Hamiltonian for the N molecules is 6
.r! =
The sum is over all the electrons and nuclei of the system. Let us consider a specific assignment of electrons and nuclei to molecules; we denote this assignment by the symbol ( 0). Then ·we may write ffN as the sum of two terms: ~(0) , the total Hamiltonian for N noninteracting molecule~, and VN(o), their total Coulomb interaction:
The symbol E i means to sum over all particles in molecule i. The trace may thus be written
We wish to make-a perturbation expansion in the interaction between molecules. To accomplish this, we first express exp(-~~) as
with the contour of 
( 3.3)
.
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For any assignment r , we may express (E -EL-) as or corresponding to the decomposition (2.15), and then can iterate by using (3.4-) again on the right-hand side. Because ( AN(a) I appears on the left of the matrix element of (3.2), it is convenient first to use (3.4-a) with (7) = (a), to obtain
In the second term of (3.5) we next use (3.4-b) with (7) = (0) to obtain
In the last term of this expression, we may then use either (3.4-a) or In this term we insert unity in the form L:A' I A'N(O) )( A'N(O) I at the appropriate places: (3.8) or (3.6) we use (2.16) or (2.4), and obtain a sum of terms of the type .
Each such term niay (in principle) be explicitly evaluated, and can be represented by a graph .. The -sum over u .will be called a "sum over all graphs., 11 We illustrate these graphs for the example (a) = (1, 9, 2)(6, 7), by which we mean that :'.Ea ···J?el"!llUtet:r e:il.ectronw:mong molee:qle!l c·(lJ:-:
and between molecules (6, 7). A graph shows which interactions V .. and l.J which permutations appear in JAu(E). Thus the first term of (3.6) is shown in Fig. 2a . Only the molecules concerned are represented, by vertical lines.
The horizontal dotted lines represent Pa • Such a graph is called "unlinked";
this one consists of two linked parts.
Let us specialize fUrther to the example of a gas of hydrogen atoms, with (1, 9, 2) representing a cyclic permutation of the electrons. As a first step in evaluation, it is convenient to eliminate the effect of those molecules which do not appear in a given graph u • The states I AN ) and energies EA which appear in (3.6) and (3.9) refer to the whole system of N molecules. Let us factor IAN) :
where lA u) is a state of the molecules appearing in the graph u , and
IAf) a state of the other (free) molecules. Similarly, we write Let us now select, f'rom the set of' all graphs (u), subsets whose graphs all have the same molecules linked together. A group of' linked molecules will be called a "cluster" J, , and a group of' clusters will be called a and n is the number of such clusters in c. We note that our definition m (3.13) for g 1 is consistent with (3.22) . Thus the partition function is n (C)
, where we have used The pressure and density may now be obtained:
where (3.32) was used in the last step of (3.37). These are converted to the conventional form 1 by introducing the activity and the 11 cluster integralsn where the sum is over properly antisymmetrized states. Let us separate the center-of-mass motion' rrom the internal coordinates:
The center-of-mass partition function may be evaluated classically: .. ..
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